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OVERVIEW

This report
investigates
progressin
Virginia public
schools in
satisfying the
requirement of
the No Child Left
Behind Act of 2001
that every student
be proficient

in reading and
math by 2014.

It develops a
variable change
model that uses
observed baseline
proficiency and
proficiency trends
at individual
schools to
forecast gains

for six subgroups
in elementary,

middle, and
high schools.

This report provides information about progress
in meeting the central proficiency goal of the No
Child Left Behind Act and develops a method to
accurately forecast proficiency change. It lays the
basis for future work on accountability systems for
the No Child Left Behind Act, a highly complex
topic (see box 1 for details of the No Child Left
Behind Act and its application in Virginia).

The analysis stems from a request by Virginia edu-
cation officials to develop a means of forecasting
changes in school proficiency that would enable
the state to better predict which schools are likely
to have problems meeting accountability stan-
dards and, of these, which are having problems
that are unlikely to be adequately resolved without
further action. The ultimate goal is to create an
early warning system for the state, districts, and
schools.

A key element of the work was developing an
accurate way to deal with a statistically complex
issue—modeling how a school’s proficiency level
will change over time. The complexity stems from
the large variation across schools at any one time
and the variation across individual schools over
time.

The literature on forecasting change in school-
level proficiency does not capture the complexity
observed in Virginia. Thus, much of the work for
this report was aimed at improving forecasting
methods by taking the variation into account and
by capturing the relationship between a school’s
proficiency level and the way that level changes as
higher proficiency levels are reached.

The report presents details of the analysis so that
technical experts can review the basis of the con-
clusions and so that other researchers can replicate
the analysis using data from other states.

A comprehensive database from the Virginia
Department of Education (see box 2) enabled the
investigation of two key research questions:
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BOX 1
The No Child Left Behind Act
of 2001 and its application in
Virginia

The No Child Left Behind Act of

2001 became law in January 2002. Its
purpose is to ensure that “all children
have a fair, equal, and significant
opportunity to obtain a high-quality
education and reach, at a minimum,
proficiency on challenging State
academic achievement standards

and state academic assessments”
(section 1001).

The law requires states to develop a
testing program to determine the
percentage of students in a school
who are proficient in reading and
math. States have wide discretion in
specifying the tests and the scores
required to be considered proficient.
States and districts that do not de-
velop accountability systems and do
not impose sanctions on persistently
underperforming schools can lose
federal funds.

Virginia’s testing system

Virginia was one of 17 states that had
developed an accountability system
in response to the 1994 Elementary
and Secondary Education Act. Its
comprehensive Standards of Learn-
ing testing program was first used in
classrooms in 1998 (Virginia Depart-
ment of Education, 2000). To meet
the requirements of the No Child Left
Behind Act, Virginia used its existing
Standards of Learning to assess read-
ing and math proficiency. Virginia’s
testing program is among the high-
est rated in the nation (Council of
Chief State School Officers, 2006.) In
particular, Virginia gets high marks

for the rigor of the tests and the high
proficiency standards to which stu-
dents are held.

From 2002 through 2005 Virginia’s
No Child Left Behind testing pro-
gram included math and reading/
English language arts tests given

in grades 3, 5, and 8; end-of-course
tests for Algebra I, Algebra II, and
Geometry for middle and high
school students; and a comprehen-
sive high school English test, usually
given in grade 11.! Students who

did not test as proficient on end-of-
course tests could retake the tests. If
they subsequently tested as profi-
cient, that success was counted, but
the failures remained on the schools’
records. Test results were excluded
for limited English proficiency
students in their first year in a U.S.
school as well as for some transfer
students.

Adequate yearly progress

and safe harbor

States have to determine annu-

ally whether a school is making
adequate yearly progress, mainly

by establishing whether a school
meets or exceeds the state-set status
(level) standard for the percentage
of students testing as proficient in
reading and math in the aggregate
and for up to six subgroups. This
standard is called an annual measur-
able objective. In addition, to make
adequate yearly progress, 95 percent
of students must be tested in grades
where testing occurs. The annual
measurable objective must reach
100 percent by 2014. In Virginia the
annual measurable objective was set
at 60.7 percent in 2002 and rose to
65 percent by 2005. It will rise by 4

percentage points a year until 2013
and then by 3 percentage points in
2014 to 100 percent.

To determine whether schools are
making adequate yearly progress,
Virginia requires measuring pro-
ficiency for up to six subgroups—
whites, African Americans, Hispan-
ics, students with limited English
proficiency, students from economi-
cally disadvantaged families, and stu-
dents with disabilities. For a school to
be held accountable for a subgroup a
minimum of 50 tests must have been
taken by members of the subgroup in
a given year.

No Child Left Behind allows states
to apply an alternative “safe harbor”
(growth) standard when schools do
not make adequate yearly progress
based on the status (level) stan-
dard. Under safe harbor, schools are
considered to make adequate yearly
progress even if they do not meet
annual measurable objectives if they
reduce by at least 10 percent the pro-
portion of students who scored below
proficient the previous year.

Because of the safe harbor provi-
sions, even if a school falls far below
the status standard, it might not
consistently fail to make adequate
yearly progress. Moreover, under the
No Child Left Behind Act schools
must fail to make adequate yearly
progress for two successive years
before being labeled “in need of
improvement,” which is when sanc-
tions begin to be applied for each ad-
ditional consecutive year of failure.
The sanctions progress from requir-
ing improved planning and offering
students the chance to transfer to



other schools to wholesale changes
in staffing and governance. Ulti-
mately, teachers, principals, and
superintendents can lose their jobs.
This feature of the No Child Left
Behind Act creates a high-stakes
testing system.’

BOX 2

The database

A large and detailed database pro-
vided by the Virginia Department

of Education was used to examine
proficiency in Virginia schools dur-
ing the first four academic years after
passage of the No Child Left Behind
Act of 2001. The database lists each
school’s proficiency level in math and
reading and the number of math and
reading tests taken in each school for
each year 2002 through 2005. Each
school’s data are also disaggregated
into the six subgroups for which Vir-
ginia’s schools are held accountable.

While the database covers all 1,842
Virginia public schools operating at any
time from 2002 through 2005, the re-
sults for all students together are based
on data from 1,601 schools, which re-
ported reading results for 194 students
on average. About 50 public schools

1. What are the distribution across Virginia
schools of proficiency levels in 2002 and
the changes in proficiency attained by 2005
for all students together and for each of six

subgroups?

2. How will the distribution of proficiency levels
change from 2006 through 20142

The 2006-14 forecasts of school proficiency
levels rely on a variable change model rather

Notes

1. Inaccordance with No Child Left
Behind requirements Virginia began
testing students in grades 4, 6, and 7
in 2006.

2. Originally, this study intended to
forecast rates for schools being labeled
in need of improvement as well as for

were dropped because they were run
at the state or regional level, including
regional vocational schools, special-
ized governor’s schools for talented
students, and schools for prisoners or
for students in state-run medical facili-
ties. The analysis also omitted data for
121 schools that were not in operation
during each year 2002 through 2005
(usually because they opened during
this period) and 48 elementary schools
that did not include both the third and
fifth grades—the elementary grades

in which No Child Left Behind testing
occurred in Virginia. Also omitted
were 72 “mixed” schools containing
grades spanning two or more types of
schools.! These omissions ensured that
the performance of a single cohort of
schools with comparable data for each
year was being examined. The accuracy
of the forecasts would have suffered if
schools entered or left the sample and
did not have proficiency measures for at
least four years.
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those failing to meet proficiency status
standards, but forecasting failure rates
proved to be exceptionally complex
because of safe harbor provisions and
the requirement to not make adequate
yearly progress in two successive

years before being labeled in need of
improvement.

Detailed results for reading, disag-
gregated by subgroup, are included
in the main report because the data
clearly showed that proficiency
increased at a slower rate for read-
ing than in math among schools

at the same proficiency level in
2002. Thus, attaining the key goal
of 100 percent proficiency hinges
on overcoming reading proficiency
shortfalls. Only the plateau point
forecasts for math are covered in the
main report.

Note

1. Initially, results were broken down for
elementary, middle, high, and “other”
schools. However, the “other” group
was dropped because its omission did
not materially change the results for all
schools together, and in the disaggre-
gated tables the results for the “other”
group were nearly identical to the
results for the three main school types
weighted to reflect the mix of grades
included in the “other” schools.

than the commonly used constant change
model. The variable change model is based on
the assumption that as a school reaches higher
proficiency levels, its proficiency will grow at the

pace achieved between 2002 and 2005 by other
schools of the same type that attained that higher

base level in 2002. Estimating the relationship
between the change in proficiency between 2002

and 2005 and the proficiency level attained in

2002 provides a realistic answer to the central
analytic question: Are rates of improvement
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likely to rise, fall, or remain constant relative to
current rates?

In addition, results for reading for each subgroup
are limited to schools that reported results for
that subgroup in each of the four years covered by
the data. About 85 percent of the omitted schools
had no test takers in a particular subgroup at any
time over the four-year period. The remainder
had no test takers for one to three years or did not
have 10 test takers each year. (Testing results were
suppressed in the database if there were fewer
than 10 test takers in a group.) About 93.3 percent
of schools reported results for whites each year,
81.0 percent reported results for economically
disadvantaged students, 68.9 percent for African
Americans, 68.4 percent for students with disabili-
ties, 18.0 percent for Hispanics, and 13.6 percent
for students with limited English proficiency.

2002 rea

ding and math proficiency levels

and 2002-05 trends by school type

In an average school

in Virginia about

74.3 percent of students

In an average school about 74.3 percent of stu-
dents tested as proficient in reading and math in
2002. The analysis of changes in reading and math
proficiency for 2002-05 across all types of schools
and separately for elementary, middle, and high
schools shows that:

«  Between 2002 and 2005 proficiency levels in-
creased in an average school by 6.9 percentage
points in reading and 9.8 percentage points in
math.

+  Average reading proficiency increases were
7.0 percentage points for elementary schools,
7.6 percentage points for middle schools,
and 5.9 percentage points for high schools.
Average math proficiency increases were 9.2
percentage points for elementary
schools, 8.9 percentage points for
middle schools, and 13.0 percent-
age points for high schools.

tested as proficient in

reading and math in 2002

« Across schools of each type
there was substantial variation in

reading proficiency change between 2002 and
2005. Seventy percent of elementary schools
had changes of between -3.3 and +17.3 per-
centage points, 70 percent of middle schools
had changes of between -1.2 and +16.4 per-
centage points, and 70 percent of high schools
had changes of between -3.1 and +14.9 per-
centage points. Variation in math proficiency
was also large. Approximately 70 percent of
elementary, middle, and high schools had
changes of between -2.0 and +20.4 percentage
points.

«  Even as proficiency levels rose between 2002
and 2005, the rate of increase consistently
declined for all subgroups in all types of
schools. For most subgroups and types of
schools the decline was about 2.2 percentage
points for each 10 percentage point increase in
proficiency.

2002 reading proficiency levels and 2002-05
trends by subgroup and school type

The analysis of changes in reading proficiency in
six subgroups of students (whites, African Ameri-
cans, Hispanics, economically disadvantaged
students, limited English proficiency students, and
students with disabilities) for each type of school
showed that:

o In 2002 reading proficiency started at a lower
level for all subgroups in middle schools than
in elementary and high schools. For five of the
six subgroups (all but students with disabili-
ties) proficiency levels were higher in high
schools than in elementary schools by 3 to 10
percentage points.

« In 2002 reading proficiency in an average
school was highest among white students, at
around 80 percent, but the white subgroup
had the smallest gains between 2002 and 2005
(3.7 percentage points in elementary schools,
6.1 percentage points in middle schools, and
4.8 percentage points in high schools).



For Hispanics, African Americans, and
economically disadvantaged students in an
average school reading proficiency in 2002
was about 61 percent in elementary schools,
54 percent in middle schools, and 71 percent
in high schools. Gains were similar for these
subgroups in average elementary and middle
schools (about 11 percentage points), but in
an average high school gains were greatest for
Hispanics (7.0 percentage points) and lowest
for disadvantaged students (4.5 percentage
points).

For students with limited English proficiency
reading proficiency was about 57 percent in an
average elementary and high school in 2002
but at only 36 percent in an average middle
school. Students with limited English profi-
ciency showed large gains of about 22 per-
centage points in an average elementary and
middle school and smaller gains of about 12
percentage points in an average high school.

For students with disabilities reading pro-
ficiency started at about 54 percent in an
average elementary school, 34 percent in an
average middle school, and 46 percent in

an average high school. Gains averaged 7.4
percentage points in elementary schools, 10.8
percentage points in middle schools, and 14.2
percentage points in high schools.
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and economically
disadvantaged sub-
groups; and 70 per-
cent for the students
with disabilities
subgroup.

The probability of
meeting the 100 percent
proficiency target in
reading by 2014 is

less than 3 percent

for 10 of the 21

subgroups, 8-14 percent
o For each subgroup

70 percent of schools
generally fall within
20 percentage points
of the average. For
example, in an

for 2 subgroups,
29-33 percent for
5 subgroups, and
45 percent or more

for 4 subgroups

average elemen-

tary school, the African American subgroup
plateaus at a 77.5 percent proficiency level,
and in 70 percent of elementary schools this
subgroup plateaus at between 86.5 percent
and 68.5 percent.

« The probability of meeting the 100 percent
proficiency target in reading by 2014 is less
than 3 percent for 10 of the 21 subgroups,
8-14 percent for 2 subgroups, 29-33 percent
for 5 subgroups, and 45 percent or more for 4
subgroups.

Projected steady-state math proficiency
by subgroup and school type

The projections of steady-state math proficiency
based on the same model for the same 21 groups

Projected reading proficiency by
subgroup and school type

yielded the following key findings:

o The forecasted math plateau point for an
average school and the distribution of plateau
points across individual schools of each type
overall and for each of six subgroups were
similar to those for reading.

The variable growth model was used to project

steady-state reading proficiency (the proficiency

level that will be maintained into the future with

only random variations above and below it) for

21 groups—7 groups of students (all students to-

gether, plus the six subgroups) in each of the three .
school types. The key findings are that:

For an average school math proficiency will
plateau at a 95 percent for the white sub-
group; 82 percent for the Hispanic, African

School proficiency is forecasted to plateau at
90 percent for the white subgroup in an aver-
age school; 80 percent for the Hispanic, Af-
rican American, limited English proficiency,

Americans, limited English proficiency, and
economically disadvantaged subgroups; and
74 percent for the students with disabilities
subgroup.
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WHAT WERE PROFICIENCY LEVELS IN
2002 AND HOW DID THEY CHANGE
BETWEEN 2002 AND 2005?

This section of the report examines proficiency
levels in reading and math in 2002 and changes
each year between 2002 and 2005 for students in
the aggregate and in the six subgroups in elemen-
tary, middle, and high schools.

Reading and math proficiency by school type

In 2002, the base year for the No Child Left
Behind testing program, 74.3 percent of an aver-
age school’s students tested proficient in reading
(figure 1). This level was 13.6 percentage points
above the 60.7 percent status (level) standard. The
proficiency level in reading in an average school
rose to 81.2 percent in 2005, while the standard
rose only to 65.0 percent. The average change
between 2002 and 2005 was 6.9 percentage points,
but there was considerable cross-school variation.
About 70 percent of schools had changes between
-3.0 and +16.8 percentage points.!

In 2002 reading proficiency was 74.2 percent in

an average elementary school, 68.8 percent in an
average middle school, and 80.1 percent in an
average high school. By 2005 these levels had risen
to 81.2 percent, 76.4 percent, and 86.0 percent.

The average change for elementary schools was

7.0 percentage points, with changes between -3.3
and +17.3 percentage points for about 70 percent
of schools. The average change for
middle schools was 7.6 percentage
points, with changes between -1.2
and +16.4 percentage points for
average school between about 70 percent of schools. The
2002 and 2005 was average change for high schools
was 5.9 percentage points, with
changes between -3.1 and +14.9
percentage points for about 70 per-
cent of schools.

While the average
change in the proficiency
level in reading in an

6.9 percentage points,
there was considerable
cross-school variation:

about 70 percent of

schools had changes
between -3.0 and +16.8 In an average school in 2002

the math proficiency level was
74.4 percent. It was 75.4 percent

percentage points

FIGURE 1

Average elementary, middle, and high school reading
and math proficiency levels for 2002 and proficiency
gains for 2002-05

Proficiency
level (percent)

100 M Gain 2002-05
I 2002 proficiency level

All All Elementary Elementary  Middle Middle High High
reading math school school school school school school
reading math reading math reading math

Note: The total statistics cover 1,601 schools; see box 2.

Source: Authors’ analysis based on Virginia Department of Education
database.

for an average elementary school and 75.2 percent
for an average middle school, but 70.0 percent

for an average high school (see figure 1). By 2005
proficiency levels had risen about 9 percentage
points, on average, in elementary and middle
schools. About 70 percent of elementary schools
had changes between -2.0 and +20.4 percentage
points, and about 70 percent of middle schools had
changes between -1.0 and +19.0 percentage points.
With an average gain of 13 percentage points,
proficiency levels rose more in high schools than
in other school types, reaching 83.0 percent and
almost closing the gap with elementary schools
(84.6 percent) and middle schools (84 percent).
About 70 percent of high schools had changes
between 3.5 and 22.5 percentage points.

Thus, proficiency rose more in math than in
reading, with math proficiency gains outpac-
ing reading gains by 3.0 percentage points. The
biggest difference was 7.1 percentage points for
high schools. The difference was 2.2 percentage
points for elementary schools and 1.3 percentage
points for middle schools. The range of variation



WHAT WERE PROFICIENCY LEVELS IN 2002 AND HOW DID THEY CHANGE BETWEEN 2002 AND 2005?

BOX 3
Distribution of students in the
six subgroups in the Virginia
schools sample

Three of the six subgroups included
in the analysis are racial/ethnic
groups—whites, African Americans,
and Hispanics. Students are assigned
to these groups based on information
provided by students and parents
and sometimes the observation of
school officials. Less than 10 percent
of students have a race designated

as “other” or “not specified.” Of

the schools in the sample, on aver-
age, 63.6 percent of the students are
white, 23.9 percent African Ameri-
can, and 3.6 percent Hispanic. Only

23.2 percent of schools report scores
for Hispanics, and only about 30 tests
are taken by Hispanic students on av-
erage in these schools, which is well
below the 50 required for the scores
of this subgroup to count separately
in meeting adequate yearly progress.

The remaining three subgroups are
students with limited English profi-
ciency, economically disadvantaged
students, and students with dis-
abilities. Limited English proficiency
students are placed in that category by
school officials who assess students’
knowledge of English. Economically
disadvantaged students are those who
are eligible for free or reduced-price
lunch, Temporary Assistance for

Needy Families, or Medicaid. Students
with disabilities are those who are
eligible for services under the Indi-
viduals with Disabilities Education
Act and who have an Individualized
Education Program." Of the schools in
the sample, on average, 2.6 percent of
the students have limited English pro-
ficiency, 22.4 percent are economically
disadvantaged, and 13.8 percent have
disabilities. Students can enter and
leave the economically disadvantaged
and disabled groups but can only leave
the limited English proficiency group.

Note

1. http://www.doe.virginia.gov/VDOE/
Publications/student-coll/06-07/
data-elements.xls
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in changes across schools was about the same in
math proficiency as in reading proficiency, roughly
14.8 percentage points.

Reading proficiency by subgroup

Across all students, reading proficiency levels in an
average school increased by 6.9 percentage points
over the three years following passage of the No
Child Left Behind Act, and math proficiency levels
increased by 9.8 percentage points. Because most
schools started in 2002 with proficiency levels

well above the status standard, annual increases
equal to those observed in the early years of the
act would be sufficient for roughly 70 percent of
schools to reach 100 percent proficiency before
2014. However, some student subgroups started at
levels below or near the standard and had lower
rates of growth than all students together (see

box 3 for a discussion of the six subgroups). The
primary focus of the remainder of this report is on
reading proficiency. Because proficiency growth
was slower in reading than in math, making
progress in reading will be the key determinant of
whether schools meet the 100 percent proficiency
goal by 2014.

Complications of calculating proficiency levels

by subgroup. Statistics for all students together
always include the full sample of schools. Sub-
group statistics only include the schools where
proficiency for a given subgroup was reported

for each year 2002 through 2005. (Schools were
dropped because they had no members of the
subgroup or had fewer than 10 members and
results were suppressed.) Overall, 93.3 percent of
schools reported proficiency for whites for each

of the four years, 81.0 percent for economically
disadvantaged students, 68.9 percent for African
Americans, 68.4 percent for students with disabili-
ties, 18.0 percent for Hispanics, and 13.6 percent
for students with limited English proficiency. Also,
the same test-taker could be included in several
different statistics. For example, a disadvantaged
student typically would be in one of the three eth-
nic groups and could be in each of the two remain-
ing subgroups—students with limited English
proficiency and students with disabilities.

Including students whose performance is below
average in multiple categories means that a small
group of students that is not scoring as profi-
cient could cause a school to fall below the status
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FIGURE 2

Average elementary, middle, and high school reading
proficiency levels in 2002 by subgroup

Proficiency
level (percent)
100

White

M Elementary schools Bl Middle schools [ High schools

Hispanic African Economically Limited Students with

American  disadvantaged English disabilities
students proficiency
students

Note: Results are displayed from highest to lowest by subgroup.

Source: Authors’ analysis based on Virginia Department of Education

database.

standard for up to four subgroups. This feature of
the No Child Left Behind Act focuses additional
attention on raising the performance of students

who are members of groups that often have not
been the center of attention. It also means that
schools with many students in subgroups that
typically start off at low proficiency levels will have
difficulty meeting absolute level standards, even

if the schools excel at raising the performance of

those students.

Middle schools

usually had the lowest
proficiency levels in
2002 and the greatest
increases in proficiency.
Similarly, the subgroup
starting with the highest
proficiency levels

had small increases

in proficiency, while
groups starting at
especially low levels had

especially large gains

Reading proficiency in 2002 by
subgroup. In 2002 reading profi-
ciency levels were highest in high
schools for each subgroup except
students with disabilities, and they
were next highest in elementary
schools (figure 2).

In each type of school the white
subgroup had the highest profi-
ciency level, which was 81.4 per-
cent for an average elementary
school, 77.3 percent for an average
middle school, and 84.7 percent

for an average high school. Hispanics, African
Americans, and economically disadvantaged stu-
dents had similar reading proficiency levels across
schools of the same type, but their proficiency
levels were 12 percentage points or more lower
than those of whites (see figure 2).

In an average school proficiency levels for lim-

ited English proficiency students and students

with disabilities were below the levels for other
subgroups.

There was substantial variation among schools
around the average in all groups. Roughly 70 per-
cent of schools were within 10 percentage points
of the mean for the white subgroup, 15 percentage
points for Hispanics, 13 percentage points for Af-
rican Americans and economically disadvantaged
students, and 18 percentage points for limited
English proficiency students and students with
disabilities.

Increases in reading proficiency between 2002 and
2005. Between 2002 and 2005 reading proficiency
gains were greatest in middle schools and smallest
in high schools, except for students with disabili-
ties, for whom gains were greatest in high schools
(see figure 3). For Hispanics, African Americans,
and economically disadvantaged students gains
were similar in an average elementary school, at
about 11.6 percentage points, and in an average
middle school, at about 11.7 percentage points.
Gains in an average high school were about 5
percentage points lower than in average elemen-
tary and middle schools for these subgroups and
showed greater variation across the three sub-
groups. Gains in an average high school were 7.8
percentage points for Hispanics, 6.6 percentage
points for African Americans, and 5.2 percentage
points for economically disadvantaged students.

For whites gains of 4.2 percentage points in an
average elementary school and 6.0 percentage
points in an average middle school were 5 or more
percentage points less than gains for other sub-
groups. Gains of 5.5 percentage points for whites
in an average high school were also lower than for



FIGURE 3
Percentage point changes in reading proficiency by
subgroup and school type, 2002 to 2005

Percentage
point change,
2002-05

30 M Elementary schools B Middle schools ™ High schools

2
25 S

White Hispanic African Economically Limited Students with
American  disadvantaged English disabilities
students proficiency
students

Source: Authors’ analysis based on Virginia Department of Education
database.

any other subgroup except economically disad-
vantaged students. For students with disabilities
the change was greatest in an average high school
(14.2 percentage points), followed by an average
middle school (10.7 percentage points) and an
average elementary school (7.4 percentage points).

For most subgroups high schools had the high-

est proficiency levels in 2002 and the smallest
increases in reading proficiency. Middle schools
usually had the lowest proficiency levels in 2002
and the greatest increases in proficiency. Similarly,
the subgroup starting with the highest profi-
ciency levels—whites—had small increases in
proficiency, while groups starting at especially
low levels—disabled high school students and
limited English proficiency students in all types of
schools—had especially large gains.

Among individual schools, there was also consid-
erable variation around the mean change in pro-
ficiency for each of the 18 groups shown in figure
3. In general, the standard deviations were about
equal to the mean. This implies that for elemen-
tary school Hispanics about 70 percent of schools

FORECASTING READING AND MATH PROFICIENCY 9

were within 12 points

of the mean change,

or between -2 and +23
points. The main excep-
tions to the pattern are
students with disabilities,
for whom standard devia-
tions ranged from 1.6 to
3.0 times the mean, and

Estimating the
relationship between

the change in proficiency
between 2002 and 2005
and the proficiency level
attained in 2002 provides
arealistic answer to the
central analytic question:

Are rates of improvement
white elementary school

students, for whom the
standard deviation was

likely to rise, fall, or

remain constant relative
to current rates?

twice the mean.

I —
FORECASTING READING AND MATH PROFICIENCY

It is common to assume that the average percent-
age point change in proficiency will continue to be
achieved, even as proficiency levels rise. For this
assumption to be true, other things being equal,
schools would have to raise the performance of the
same number of students above the proficiency
threshold each year. But the number of students
who test below the proficiency threshold will
decline each year, so that a higher fraction of those
testing below the proficiency threshold will have
to cross that threshold each year. Maintaining a
constant proportional increase will be difficult
because improved teaching methods are likely to
have the greatest impact at the outset, when many
students need only small improvements to become
proficient. Over time, the students who have not
achieved proficiency are likely to require progres-
sively more help to do so.

The observations for Virginia schools for profi-
ciency changes between 2002 and 2005 indicate
that the constant improvement assumption does
not hold. For each subgroup, average schools’
percentage point changes in proficiency between
2002 and 2005 consistently decline as base 2002
proficiency levels increase, suggesting that con-
stant growth models are based on a false assump-
tion and lead to overestimates of future proficiency
gains. To obtain more accurate forecasts, simple
linear models, which assume that observed trends
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will continue unchanged, were replaced in this
study by a variable growth model that takes into
account the evidence that on average percentage
point gains between 2002 and 2005 declined as
school’s 2002 base level of proficiency rose.

indicate what percentage of schools will fall below
100 percent because they start below average or
have below average growth rates.

More broadly, the No Child Left Behind Act speci-
fies that states should use appropriate statistical
techniques to determine whether a school has
failed to make adequate yearly progress in a given
year. Virginia is among the minority of states that

Why constant growth models are inappropriate: the
change in reading proficiency between 2002 and
2005 by initial proficiency level and school type

Although simple linear (constant growth) mod-
els have been used to forecast proficiency level
changes (see, for example, MassPartners for Public
Schools, 2005), they suffer from three major
shortcomings.

First, simple linear models do not take into ac-
count the large systematic differences in perfor-
mance among schools with different initial levels
of proficiency. This problem can be overcome by
separately forecasting performance for schools
with different initial proficiency levels (see, for
example, Wiley, Mathis, & Garcia, 2005).

Second, the models do not take into account the
range of variation among schools starting at simi-
lar proficiency levels. They apply a single number
based on the characteristics of a school with aver-

age growth and an average starting point. If the
variation across schools is small, this defect will
not have a large effect, but Virginia schools show
tremendous variation in proficiency levels and
changes in level.

Itis common to assume
that the average
percentage point change
in proficiency will
continue to be achieved,

even as proficiency levels

rise, but the observations
for Virginia schools
between 2002 and

2005 indicate that the
constant improvement
assumption does not hold

The author is unaware of any
linear forecasts that take into
account the range of variation in
actual growth rates in forecast-
ing the range of future growth.?
Rather, linear models provide a
single-number forecast and ignore
variation around average perfor-
mance. For example, linear projec-
tions often suggest that an average
school will meet the 100 percent
goal (at least for all students to-
gether), but the projections do not

do not apply a statistical approach that takes into
account year-to-year variation in a school’s perfor-
mance in comparing a school’s proficiency level in
one year with that year’s status standard. However,
few, if any, states apply a statistical approach that
adequately distinguishes long-term trends from
large transitory fluctuations in looking at the
change in proficiency over time—what statisti-
cians call distinguishing signal from noise.

A few academic papers have examined the signal-
to-noise issue. Using North Carolina school-level
data similar to the data used here, Kane & Staiger
(2002a, b) conclude that about 75 percent of year-
to-year changes in proficiency level reflect random
variation. Because these fluctuations are often
large, data for several years need to be combined
to determine how proficiency changes over time.
Kane and Staiger show that the correlation of the
change in school-level proficiency from one year to
the next averages —0.35. This implies that schools
showing increases in one year have about a 50 per-
cent chance of showing a decrease in the next

year and vice versa. This result implies that the
application of the “safe harbor” provision to one-
year changes will often falsely identify random
variation as true improvement and will often fail
to identify true improvement. It strongly rein-
forces the decision applied in this study to average
growth over three years as the basis for forecasting
future growth.

The third problem with a linear projection model
is that it explicitly assumes that percentage point
increases in proficiency for a given subgroup at

a given type of school will remain constant over
time. Conceptually, this assumption is ques-
tionable since it requires that equal numbers of



FIGURE 4

Average annual change in reading proficiency
from 2002 to 2005 for schools with different 2002
proficiency levels, by school type
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Note: Schools of each type were grouped into 10 percentage point
“bins” based on 2002 proficiency levels, and then the average change
between 2002 and 2005 was calculated for the schools in each bin.

Source: Authors’ analysis based on Virginia Department of Education
database.

students become proficient each year even as the
level of proficiency rises and the pool of nonpro-
ficient students shrinks. More commonly it is
observed that at best a constant proportion of stu-
dents in the nonproficient pool becomes proficient,
causing the rate of improvement to decrease as the
level increases.

Figure 4 illustrates why the assumptions underly-
ing constant growth models are inconsistent with
the patterns observed in the Virginia database.
The figure shows the average annual change in
proficiency between 2002 and 2005 for each type
of school for schools starting in 2002 at differ-

ent proficiency levels. Schools of each type are
grouped into 10 percentage point “bins” based on
2002 proficiency levels, and the average change for
2002 to 2005 is calculated for the schools in each
bin. For example, elementary schools with profi-
ciency levels of 60-70 percent in 2002 experienced
an average annual change of 4.1 percentage points
between 2002 and 2005.° Growth in proficiency
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declines at higher 2002 base proficiency levels,
with the data points falling in a downward-
slanting line. For elementary and high schools
annual change declines by 2.2 percentage points
for each 10 percentage point increase in starting
proficiency levels, while for middle schools change
declines by 1.2 percentage points.

Most important, figure 4 shows that the average
change was between 0.4 and 0.8 percentage point
across the three school types for schools whose
2002 proficiency levels were 80-90 percent. This is
roughly 4-10 times less than the average change
across school types whose 2002 proficiency levels
were 60-70 percent. For schools with 2002 profi-
ciency above 90 percent, the change across types
ranged from -0.4 to +0.4 percentage point. The
contrast between schools with initial proficiency
levels above 90 percent and those with proficiency
levels below 60 percent is especially important
since it provides strong evidence that the assump-
tion used in the constant average change models
is untenable—schools attaining high levels of pro-
ficiency do not sustain increases near the average
gain achieved by all schools together and do not
come close to achieving the percentage point gains
reached by schools with low levels of proficiency
in 2002.*

The pattern shown in figure 4 held for 20 of the 21
cases examined (the seven population groups—all
students together and each of the six subgroups in
each of three types of schools). The exception was
in the second-smallest sample, in which the reli-
ability of the data was questionable.

Why a variable change model is more
appropriate: estimating the relationship between
reading proficiency level and growth

A variable growth model—which empirically
estimates how annual changes in reading profi-
ciency systematically vary as levels of proficiency
rise—was developed and estimated based on the
relationship between annual changes in reading
proficiency between 2002 and 2005 in Virginia
schools and the level of proficiency in 2002. The
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estimate draws on a formulation that has been
used before (see Jacobson, LaLonde, and Sullivan,
2004 and 1993). The basic model is:

1) APrggs_gs = @+ PPyggy + €

where Py, is a school’s proficiency level in 2002,
and AP,,_s, the change in proficiency, equals the
three-year average annual change in proficiency
2002-05 (AP29g5-g5 = (Pagos = P2op2) / 3.

An attractive feature of this model is that it
forecasts the long-term steady-state point (S) that
schools will reach with the simple calculation
shown in equation 2.

) S=a/p

where o is the intercept coefficient in equation 1,
and B is the slope coefficient. This feature of the
model greatly reduces the confidence interval
surrounding the point estimate, whereas in other
models predictions # years in the future require
multiplying the model’s coefficients n times and
consequently multiplying the error term by n.

This model is similar to value-added models re-

cently approved for use as part of the U.S. Depart-
ment of Education’s No Child Left Behind Growth
Model Pilot Program (see, for example, Tennessee

To predict proficiency
through 2014 by
accurately capturing
how proficiency is
likely to change as

proficiency levels

increase, the variable
change model estimates
the relationship
between the changein
proficiency between
2002 and 2005 and the
level of proficiency in
2002 for each subgroup
and type of school

Department of Education, 2006).
Both models have an autoregres-
sive form (future test results are
predicted based on observed test
results, usually with no other
variables included), and both
models take confidence intervals
surrounding point estimates into
account. As a result, they pro-
duce statistically sound estimates
that take random variation into
account in estimating systematic
trends (see, for example, Wright,
Sanders, and Rivers, 2005).

However, the value-added models
are applied to student-level, not

school-level, data; they are applied to test scores,
not proficiency levels; and they generally are used
to predict growth three years into the future,

not over the much longer period needed to reach
steady-state points.’ They also require sophisti-
cated data management systems that link data for
the same student in successive years. Most states,
including Virginia, did not have the capacity to do
this during the period studied. Moreover, while
Virginia and many other states are putting such
systems into place, data for at least three years
will have to be accumulated before value-added
estimates can be produced.

To predict proficiency through 2014 by accurately
capturing how proficiency is likely to change as
proficiency levels increase, the variable change
model estimates the relationship between the
change in reading proficiency between 2002

and 2005 and the level of proficiency in 2002 for
each subgroup and type of school. Ordinary least
squares regressions are used to estimate equation 1.

The following equations were estimated using
data for all students together for 1,018 elemen-
tary schools, 298 middle schools, and 287 high
schools. Standard errors are presented below the
coefficients.®

For elementary schools:

(3) Change = 16.4 + [-0.189 x Proficiency level] adjusted R? =.543.
(0.41) (0.005).

For middle schools:

(4) Change = 10.3 + [-0.114 x Proficiency level] adjusted R? =.308.
(0.70) (0.010).

For high schools:

(5) Change = 19.6 + [-0.221 x Proficiency level] adjusted R* =.52.6
(1.00) (0.012).

Equation 3 predicts that elementary schools with
30 percent proficiency in one year would raise
proficiency by 10.7 percentage points, on average,
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the following year (16.4 + [-0.189 x 30] = 10.7).
However, on average, schools with a 60 percent
proficiency level in one year would increase profi-

Estimation of steady-state proficiency levels
and time-paths for reaching those levels

ciency by 5.1 points in the next year (16.4 - 0.189 x
60 = 5.1). This is because equation 3 indicates that,
on average, a 1 percentage point increase in profi-

The equations in the preceding section for all stu-
dents in each type of school (and in appendix B for
students in each subgroup in each type of school)

can be used to estimate “steady-state” points—
the levels of proficiency that, once reached, will

be maintained into the future with only random
variations above and below them. These steady-
state points are based on the key assumption that
as schools increase their proficiency they will
grow at the successively declining rate achieved by
schools that were at that
higher base level in 2002.
This section describes the
mean and variance of the

ciency in one year, decreases the improvement in
the next year by 0.189 percentage point.”

Finally, the adjusted R* measures how close the
data points are to the regression line specified by
equation 3. In this case the regression line explains
54.3 percent of the variation in the elementary
school data. Coupled with the standard errors
being about one-fortieth of the coefficients, these
statistics indicate that the model “fits” the data
unusually well.

The more a school’s
proficiency level is below
some fixed point, the
estimated steady-state faster the model predicts
The coefficients in equation 5 for middle schools
are about half those for elementary schools.
However, the standard errors for the coefficients

are about twice as large as those for elementary

points. The next sec-

that its proficiency level

tion presents additional will grow, but growth

evidence bearing on slows and eventually

the accuracy of the key stops as proficiency rises

schools. This is in keeping with the fact that there
are only about one-fourth as many middle schools
as elementary schools in Virginia. The adjusted

R? is substantially lower, indicating that 30.8 per-
cent of the variation is explained. Thus, the fit of
the middle school regression line is not nearly as
good as the fit of the elementary school regression.
Equation 5 shows that on average middle schools
at the 60 percent proficiency level in any one year
will show a 3.5 percentage point gain the next. It
also shows that 95 percent of the middle schools at
the 60 percent level will show gains of between 1.1
and 5.9 percentage points.

The coefficients in equation 6 for high schools are
similar to those for elementary schools, as is the
adjusted R? —52.6 percent of the variation is ex-
plained. However, the standard errors surround-
ing the coefficients are a bit greater than those for
middle schools. Equation 6 shows that on average
high schools at the 60 percent proficiency level in
one year will show a 6.4 percentage point gain the
next and that 95 percent of those high schools will
show gains of between 0.2 and 12.6 percentage
points.

assumption.

There are steady-state points because the more a
school’s proficiency level is below some fixed point,
the faster the model predicts that its proficiency
level will grow, but growth slows and eventually
stops as proficiency rises. Moreover, if a school’s
proficiency level rises above the fixed steady-state
point because of random fluctuations, the model
predicts that the proficiency level will fall back
toward the steady-state point. For example, for
schools with proficiency levels above 90 percent in
2002, proficiency declined about 0.1 to 0.4 percent-
age point on average per year through 2005 de-
pending on school type. In short, the model is con-
sistent with the evidence produced by researchers
such as Kane & Staiger (2002a) that there are large
fluctuations around central tendencies and that
central tendencies can be discerned by observing
behavior over a series of years.

The steady-state level implied by the model can
be derived by solving equation 1 for the profi-
ciency level that generates a change of zero. As
shown in equation 6, the steady-state level equals
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The model predicts
that most elementary
schools will eventually

sustain proficiency

levels of within about
9 percentage points

of 87 percent
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negative-one times the intercept coeflicient di-
vided by the slope coefficient.

(6) Steady-state proficiency level =
(-1 x Intercept coeflicient / Slope coefficient).

To illustrate the steady-state calculation equation 6
is applied to the coefficients for elementary schools
shown in equation 3. The steady-state point for
elementary schools is 86.8 percent (-16.4 /-0.19).
About 70 percent of elementary schools are
predicted to reach steady-state proficiency levels
of between 81.1 percent and 90.7 percent. About

95 percent of elementary schools are predicted to
reach steady-state proficiency levels of between
76.6 percent and 95.1 percent.

Thus, the model predicts that most elementary
schools will eventually sustain proficiency levels
of within about 9 percentage points of 87 percent.
While the model predicts that there will be some
variability in the expected steady-state point
across schools, less than 1 percent of elementary
schools are likely to sustain proficiency levels near
the 100 percent goal for 2014.

Figure 5 shows a typical time-path
for reaching the steady-state point
for groups of schools where 2002
proficiency for a given subgroup
in a given school type was 30, 40,
50, 60, 70, 80, and 90 percent. In
this illustration the initial profi-
ciency level for a given subgroup
and school type averaged across
all schools is 62 percent, and the steady-state level
is 78 percent. The dashed black line shows the path
of the reading proficiency standard as it reaches
100 percent in 2014. Each of the time-paths is
estimated by forecasting reading proficiency from
2002 to 2014 using the variable change model

for schools starting at different proficiency levels
in 2002.

The forecasts are derived by inserting a school’s
assumed starting point for a given subgroup into
equation 1 and estimating the equation using

FIGURE 5

Forecasts of reading proficiency from 2002 to 2014
using the variable change model for schools starting
at different proficiency levels in 2002
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Note: The bowed lines show the estimated time-path of proficiency for
schools starting at different levels. These lines converge at a proficiency
level of about 78 percent, the steady-state point.

that subgroup’s proficiency level in 2002 and

the change in proficiency over 2002-05 for each
school for which there was sufficient data for

that subgroup. This produces an estimate of the
change to be added to the starting level to forecast
the next year’s proficiency level. The next year’s
level is then plugged into the model to estimate
the following year’s level, and that gain is added
to the next year’s level, and the process is repeated
to estimate proficiency levels for each year 2006
through 2014.

Equation 1 is very similar when estimated for
each of four subgroups—Hispanics, African
Americans, economically disadvantaged students,
and limited English proficiency students—when
estimated separately for elementary, middle, and
high schools. Figure 5 takes one of these equations
and displays the time-paths for schools in one
subgroup in one type of school with different pro-
ficiency levels in 2002. The shapes of the paths are
also similar for whites and students with learning
disabilities, but the steady-state point is consider-
ably higher for whites and substantially lower for
students with disabilities.
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There are substantial increases in proficiency FIGURE 6

over the first six years (2002-07) for groups of Steady-state reading proficiency levels by subgroup
schools starting out with much lower than average and school type

proficiency levels (2002 proficiency levels of 30, Proficiency

40, and 50 percent), but annual increases decline level (percent)

dramatically as these subgroups approach the 0|, 53 W ementaryschools M Middle schools M High schools

steady-state point. Although subgroups starting
out at high proficiency levels (80 and 90 percent)
show declines, they exhibit a similar pattern of
larger movements toward the steady-state point
over the first six years, followed by slower move-
ments subsequently.

Figure 5 shows that by 2010 four school groups—
those with 2002 proficiency of 30, 40, 50, and
60 percent—will attain a proficiency level of above

All White Hispanic African Limited  Economically ~ Students

70 percent on average, but their levels will be Amerian Englh  disadvantaged _ ith
profidiency  students  disabilities

below the 81 percent proficiency level standard for students
that year. The school groups starting at 30, 40, and

fici dth dard Note: Results are displayed from highest to lowest by subgroup. Middle
50 percent proficiency never exceed the standard, school limited English proficiency students are not included because

even though their absolute increases are especially the standard errors of the regression coefficients were so large that the
large. The group of schools starting at a 60 percent coefficients were meaningless.

proﬁciency level do not exceed the standard in the Source: Authors’ analysis based on Virginia Department of Education

database.
period when projections are needed, but exceeded
the standard through 2005. Perhaps most impor-
tant, the four subgroups that exceed the initial estimated using the change data along with rel-
60.4 percent standard by 10 percentage points or evant goodness-of-fit statistics.)
more—those with 2002 proficiency levels of 70, 80,
and 90 percent—all fall below the standard by the The steady-state reading proficiency levels are
end of 2008. similar for a given subgroup across the three
types of schools with the exception of the eco-
Steady-state reading proficiency levels nomically disadvantaged students and students
by subgroup and school type with disabilities subgroups, where middle
school steady-state points are about 10 percent-
Figure 6 displays the average steady-state read- age points below average. Steady-state levels for
ing proficiency levels for each school type and Hispanics are about 79.7 percent in all types of
student subgroup. (Results are not displayed for schools. Levels for African Americans and limited
middle school limited English proficiency students English proficiency students are about 77.7 per-
because the data from the unusually small number cent, slightly lower than for Hispanics, but about
of schools in this sample contained several outli- the same across school types. Levels for whites
ers, which led to unrealistic estimates.) range from 89.0 percent in elementary schools to

94.3 percent in high schools.
Equations of the form of equation 1 were esti-

mated, and these equations were then used to Levels for economically disadvantaged students
calculate the steady-state reading proficiency levels are about 76.8 percent in elementary and high
by dividing the intercepts by the slopes, as shown schools, but only 67.6 percent in middle schools.

in equation 6. (Appendix B displays the equations These levels are about the same as for African
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FIGURE 7

Upper and lower bounds of the confidence interval
for steady-state reading proficiency levels for whites,
African Americans, Hispanics, and all students, by
school type

Proficiency
level (percent)
100

Upper bound mean
M Lower bound mean
M Lower bound

80

60

40

20

0 Elementary Middle  High Elementary Middle ~ High Elementary Middle  High Elementary Middle  High
school  school  school school  school  school school  school  school school  school  school
Al White African American Hispanic

Note: The height of the bottom two sections of the bars combined
indicates the mean estimate for steady-state reading proficiency, and the
height of the three sections together indicates the upper bound estimate.

Source: Authors’ analysis based on Virginia Department of Education
database.

Americans and Hispanics in elementary schools,
3.1 percentage points below the level for African
Americans in high schools, and 7.9 percentage
points below that for African Americans in middle
schools.

Finally, steady-state levels for students with dis-
abilities are about 64.8 percent in elementary and
high schools but 51.9 percent in middle schools.

Figures 6 displays point estimates of the average
steady-state proficiency level for schools in each
subgroup. The model also predicts variations in
the steady-state level for schools of a given sub-
group. Figures 7 and 8 display the confidence
interval (range of variation) around the point
estimates using one-standard-deviation values.
For example, 70 percent of elementary schools will
attain steady-state proficiency levels for whites

of between 82.8 percent and 95.5 percent, values
that are 6.4 percentage points below and above the
predicted mean of 89.2 percent.
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FIGURE 8

Upper and lower bounds of the confidence interval
for the steady-state reading proficiency levels

for limited English proficiency students, students
with disabilities, and economically disadvantaged
students subgroups, by school type
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Note: The height of the bottom two sections of the bars combined
indicates the mean estimate for steady-state reading proficiency, and the
height of the three sections together indicates the upper bound estimate.

Source: Authors’ analysis based on Virginia Department of Education
database.

On average the range of variation across the 20
groups in figures 7 and 8 is 18.3 percentage points.
However, the range of variation is especially large,
about 33.7 points, for Hispanics in middle school and
limited English proficiency students in high school—
both groups that include small numbers of schools.
On average, the range of variation is about twice as
great in middle school subgroups as in elementary
school subgroups, and about 60 percent greater in
high schools than in elementary schools. These dif-
ferences result in large part because there are about
3.5 times more elementary schools in the sample
than middle schools or high schools. (For all students
together there are 1,018 elementary schools, 298
middle schools, and 287 high schools in the sample.)

Steady-state math proficiency levels
by subgroup and school type

Figure 9 displays the average steady-state math
proficiency levels for the same set of schools for
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FIGURE 9 limited English proficiency students’ math levels

Steady-state math proficiency levels by subgroup and are higher by about 12 percentage points, reflect-

school type ing the fact that achieving proficiency on a math
Proficiency test is much less dependent on English fluency
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Source: Authors’ analysis based on Virginia Department of Education
database.

which steady-state reading proficiency levels were
displayed in figure 6, based on the same estimat-
ing procedures. The pattern of results across
subgroups and school types is similar.

The primary difference between steady-state math
and steady-state reading proficiency levels is that
the math levels are higher. In general, the differ-
ences are proportional to the higher growth rates
observed for math than for reading, as shown in
figure 1. Math levels are 3.3 percentage points
higher on average for the five elementary school
groups with the smallest standard errors (all stu-
dents together, whites, Hispanics, African Ameri-
cans, and economically disadvantaged students).
The math levels average about 5 percentage points
higher for the same five groups for middle and
high schools.

For students with disabilities the steady-state
proficiency levels are higher for math than for
reading levels by about 9 percentage points in
elementary schools and by about 16 percentage
points in middle and high schools. These differ-
ences probably reflect a greater effect of student
disabilities on reading than on math. High school

than is achieving proficiency on a comprehensive
reading test.

African American and economically disadvan-
taged middle school students also showed substan-
tially higher steady-state proficiency levels in math
than in reading. The difference was 8 percentage
points for African Americans and 12 percentage
points for disadvantaged students. Differences
persisted in high school but were smaller, at 6.5
percentage points for African Americans and 6.2
percentage points for economically disadvantaged
students.

Because in almost every other way the math
results were similar to the reading results, the de-
tails are not presented here. Appendix B describes
the regression equations used to estimate the math
steady-state points.

Past performance as a guide to future performance

The projections of steady-state proficiency levels
provide indicators of the extent to which Virginia
schools will be able to reach a central No Child
Left Behind goal of having every student proficient
in reading and math by 2014. The results are con-
sistent with the patterns observed in the data: it is
evident that annual proficiency growth rates for
all students together and for individual subgroups
for 2002-05 are much lower in schools that started
at high base proficiency levels in 2002 than in
schools that started at low levels. Also, schools in
which subgroups started at an 85 percent profi-
ciency level in 2002 rarely showed any subsequent
growth. Rather, they tended to decline by small
amounts.

However, the estimates do not precisely reflect
how observed trends and future performance
might diverge from past performance. To examine
potential sources of inaccuracy, several additional
analyses were carried out (details are reported
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in appendix C). These efforts focused on three more information about how differences across

possibilities: schools and districts in factors other than profi-
ciency levels will affect steady-state proficiency
« The estimated model does not perfectly fit the levels and growth rates. For example, analysis of
patterns observed in the cross-sectional da-
tabase. To test for this, alternative functional

forms were estimated for the change-level

factors such as district enrollment, concentra-
tions of economically disadvantaged students in
a school, and the pace of improvement for schools
relationship. with below-average performance, holding observ-
able factors constant, could provide information

o There are factors that influence 2002-05 useful for making policy decisions.
growth rates other than 2002 proficiency lev-
els, factors that are not included in the model.
This was tested by checking the effect of add-

ing variables to the basic linear model.

CONCLUSIONS ABOUT PROFICIENCY
LEVELS AND METHODOLOGY

«  'There are factors that will influence growth- This report reaches conclusions about both the
level relationships beyond 2005 that cannot findings and the methodology.
be observed in the period studied. To test
for this, future changes that might influence
proficiency growth-level relationships were

considered.

Findings about proficiency levels and actual
and predicted changes in proficiency levels

Virginia public schools made major strides in
fulfilling the goals of the No Child Left Behind Act
from 2002 through 2005:

The conclusion from these tests is that it can-

not be ruled out that large discontinuities with

the past will affect the steady-state levels that

Virginia schools achieve. However, such changes «  Math and reading proficiency levels showed

are not visible on the horizon, with one possible average gains of 7 to 10 percentage points.

exception—major changes in adequate yearly

progress standards that may be enacted as part of o Increases tended to be highest among schools

the No Child Left Behind reauthorization. and subgroups that had the lowest initial
proficiency levels. Limited English profi-

The overall conclusion with respect to the accuracy ciency students, who started at the lowest

of the estimated growth model is that, on balance, proficiency level (45 percent), had the largest

the model appears to provide increases.

On balance, the model
appears to provide
reasonably accurate
estimates of the steady-
state level at which the
performance of each
subgroup will eventually
plateau in each type

of school and the way

actual steady-state
points are likely to vary
from these estimates

reasonably accurate estimates of
the steady-state level at which the
performance of each subgroup will
eventually plateau in each type of
school and the way actual steady-
state points are likely to vary from
these estimates. In other words

the steady-state point estimates
and confidence intervals appear
statistically sound.

At the same time, additional
research is warranted to provide

Virginia public schools are likely to continue to
make progress in meeting key No Child Left Be-
hind goals in the near term:

«  Realistic estimates of future progress indicate
that proficiency levels will be about 4 percent-
age points higher on average in 2008 than in
2005.

o These increases will be largest for schools and
subgroups with below-average proficiency
levels.
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However, the rate of progress will slow as schools Advantages and implications of using the variable change
and subgroups exceed an 80 percent proficiency model for forecasting proficiency improvements

level, and few schools will be able to consistently
achieve proficiency levels close to 100 percent, as
required by the No Child Left Behind Act.

As a result, sooner or later, the proficiency levels of
virtually all Virginia schools for most subgroups
will fall below the status standard as the standard
rises from 69 percent in 2006 to 100 percent in
2014. It becomes progressively harder to increase
proficiency levels as proficiency levels rise. Indeed,
schools with proficiency levels higher than 90 per-
cent in 2002 experienced reductions of about 0.2
percentage point on average by 2005.

The review of the literature found that previous ef-
forts to forecast improvements in proficiency levels
used some type of constant growth model. Such
models are based on the assumption that a group’s
observed increase over a base period will continue
unchanged into the future. These forecasts were
also based on the average change for a group of
schools.

The methodology used in
this study forecasts pro-
ficiency using a variable

The rate of progress
will slow as schools
and subgroups

change model in which
the observed changes
are within one standard
deviation of the average

exceed an 80 percent
In 2006 about 22 percent of Virginia schools were

labeled in need of improvement. Most of these
schools did not meet the status standard for one

proficiency level, and
few schools will be able

to consistently achieve

or more groups and also failed to meet the safe
harbor standard. The percentage of schools failing
to meet the status standard will increase over

the next few years—assuming that proficiency
standards and the rigor of the testing program

do not materially change—as the status standard
increases by 4 percentage points a year. However,
the percentage of schools that will be labeled in
need of improvement because they do not meet ad-
equate yearly progress standards for two or more
successive years is difficult to estimate because
many schools will be able to meet the safe harbor
standard.

Meeting the safe harbor standard is likely to
become increasingly common as that standard
falls from an increase of 2 points to 0 points as
proficiency levels rise from 80 percent toward

100 percent. Moreover, because the status stan-
dard increases by a constant 4 percentage points

a year, it is certain that the safe harbor standard
will determine whether schools meet adequate
yearly progress for most, if not all, subgroups. A
preliminary investigation (not reported here) sug-
gests that over the next two years 30-50 percent of
Virginia’s schools will fail the status standard for
one or more groups, but will make adequate yearly
progress based on the safe harbor standard.

change—the range of
variation that includes
the 70 percent of schools
with changes closest to
the mean. This extension provides a more realistic
estimate of the percentage of schools in any group
likely to reach a target proficiency level. This is es-
pecially important for a state like Virginia, where
the standard deviation around the mean is close to

proficiency levels
close to 100 percent

10 percentage points.

The variable change model adjusted predicted
change as a function of the proficiency level at-
tained in a given year. This was based on strong
evidence that the higher the proficiency level in
base year 2002, the smaller the increase in profi-
ciency attained by 2005. The level-change relation-
ship turned out to be well described by a linear
model of the form:

Proficiency change = Intercept coefficient +
Slope coeflicient x
Proficiency level

Taking the level-change relationship into account
yields estimates that proficiency levels will plateau
at a steady-state point below the 100 percent target
for 2014. Because the approach used here takes
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into account much more information about how
proficiency changes as levels increase and the
range of variation in proficiency changes across
schools than do models in the literature, it repre-
sents an important advance.

Further, the model developed here is easy to apply
to the school-level data commonly available,
makes it easy to estimate steady-state levels, and
uses regression analysis to produce statistics that
describe how well the model fits the data as well
as variations around the mean values of starting
points and change amounts.

A more subtle advantage of the model is that it
minimizes the statistical uncertainty surrounding
the estimates because it directly estimates steady-
state levels by dividing the intercept coefficient

by the slope coefficient. (Technically, it produces
narrow confidence intervals.) In contrast, constant
change models repeatedly use the same statistic

to estimate changes from one year to the next,
thereby multiplying the effect of any statistical
error and increasing the confidence intervals sur-
rounding point estimates.

This result is important for accurately forecasting
proficiency and has significant implications for the
validity of standards that are based on year-to-
year changes, such as the safe harbor standard.
Change-based standards generate high pass rates
when year-to-year fluctuations in proficiency
levels in individual schools are large, as they are in
Virginia, even when they are not correlated with
rising long-term trends. For example, a school that
reaches 90 percent proficiency in year one, falls

to 86 percent proficiency in year two, and rises to
88 percent proficiency in year three will meet the
safe harbor standard in year 3 without showing
any evidence of long-term growth.

Additional uses for the model

Models such as the one developed here have been
used in estimating changes in individual student
test scores, but as far as the author knows, have
not been used to estimate growth using school-
level data. The model has applications beyond
forecasting proficiency levels. It can determine
how a given school’s increase in proficiency
compares with that of other schools with about
the same level of proficiency in a base year. For

Unclear from the work completed
so far is whether the change-level
relationship in other states will fit
the linear model as closely as it did

The model developed example, for schools with initial proficiency levels

here is easy to apply to of 60-70 percent, the model can estimate what

changes will occur in the top 15 percent of schools,
schools whose performance is above average but

the school-level data

commonly available

in Virginia. However, the model
will soon be applied to Kentucky
data, and researchers in other regions are invited
to apply the model to states in their regions to test
its general usefulness.

Another important methodological finding is that
producing subgroup estimates is essential to iden-
tifying potential problems in meeting adequate
yearly progress goals. It was difficult to determine
trends in year-to-year fluctuations using the
Virginia data covering only four years, because
the fluctuations are large and do not follow a clear
pattern. Thus, averaging proficiency change over a
four-year period appeared to produce better indi-
cators of long-term trends than using information
about change over one or two years.

below that of the top 15 percent, schools whose
performance is below average but above that of
the bottom 15 percent, and schools in the bottom
15 percent.?

These estimates provide a means of identifying the
schools that are doing far better than their peers
and the schools that should be capable of showing
substantial improvement. This information could
help achieve key No Child Left Behind goals by
ensuring that resources and remedial actions are
focused on schools that are most clearly underper-
forming and that have the best chance of improv-
ing performance by employing techniques that
worked well in schools facing similar challenges.
Schools that are performing well relative to their
peers could potentially do better, but it is much
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more difficult to figure out how to boost their
performance. ficult to discern long-
term trends in proficiency
growth based on compar-
ing levels from one year
with the next. Because

show that it is very dif-

Averaging proficiency

change over a four-year

period appeared to
The model developed here can also help assess the

strengths and weaknesses of different standards
for judging performance. For example, the model

produce better indicators
of long-term trends
than using information

can rank a school according to how far its progress
is above or below average in improving perfor-
mance (relative to schools starting out at similar
proficiency levels). An alternative standard, such
as the No Child Left Behind status standard or safe
harbor standard, can then be used to establish a
second set of ranks for the same group of schools.
The two rankings can be compared to assess the
extent to which the alternative standards dis-
tinguish underperforming schools from schools
that are performing well, given the challenges
they face.

Investigating the soundness of the safe harbor
standard is especially important. This standard
will become the major determinant of “making”
adequate yearly progress as both proficiency levels
and the status standard rise above 80 percent. This
is because the safe harbor standard requires an
annual decrease of at least 10 percent in students
testing below the proficiency level. For a school

at 80 percent proficiency, that translates into a
required increase of only 2 percentage points,
whereas the status standard rises by 4 percentage
points a year.

However, this analysis and the earlier analysis of
North Carolina data by Kane & Staiger, 2002a,

school proficiency levels about change over

show substantial volatil- one or two years

ity from year to year,
many schools can meet
the safe harbor standard without making any
long-term progress in proficiency. Kane & Staiger,
2002b, discuss how to resolve this problem using
North Carolina data. Acquiring Virginia data back
to 1999 would provide a long enough time series to
replicate and update the Kane & Staiger analysis.

Finally, the analysis has looked only at the key
No Child Left Behind requirement to boost scores
above the proficiency threshold, which is equiva-
lent to a test score of about 65 percent. The same
techniques could be used to analyze increases in
the percentage of students with scores above the
advanced threshold, which is equivalent to a test
score of about 85 percent. This analysis would
provide information about the effect of the No
Child Left Behind Act on students who become
proficient and students who start out well above
proficient. It would also shed light on the extent
to which schools that outperform their peers in
increasing the percentage of students who achieve
proficiency also outperform their peers in in-
creasing the percentage who pass the advanced
threshold.
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